Forest simulation models have been widely used to predict future stand structure. Generally these models do not include the understory vegetation and its response on stand structure change or other environmental factors. Previous simulation studies have shown that stand structure related variables, e.g. basal area, can explain diversity of the forest floor vegetation in boreal forests. We hypothesise that such variables also can be used to explain the performance of understory species and we conceptualise how plant ecology and forest modelling can be combined to predict the performance of understory plants in Norwegian boreal forests. We predict the performance of an understory plant species (Cornus suecica) over time using simulated values of forest variables as input to models expressing the relationship between forest environment variables and plant performance variables (viz. plant height, plant dry weight, number of flowers, number of branches and number of leaves). We also present relationships between plant performance and explanatory variables commonly used in basic ecological research, variables that currently not are readily compatible with forest simulators (e.g. soil chemical variables).We found basal area of canopy trees being the most important explanatory variable explaining C. suecica performance. The performance variable dry weight was predicted by one single model whereas the other performance variables were best predicted by model averaging. Forest simulations for 150 years showed values of plant performance of C. suecica to be reduced during forest succession.
Introduction
Loss of biodiversity is seen as one of the major negative consequence of current forest management practices , Bengtsson et al. 2000 , Wolfslehner and Vacik 2008 . Most of the plant biodiversity in boreal forests is located in the understory (Gilliam and Roberts 2003 , Halpern and Spies 1995 , Økland and Eilertsen 1996 and the dynamics of the understory vegetation is greatly influenced by the structure and dynamics of the tree canopy layer (Klinka et al. 1996 , McKenzie et al. 2000 , Miina et al. 2009 ). Understanding the relationship between forest canopy structure and understory dynamics is therefore important for sustainable forest management and biodiversity conservation (Hart and Chen 2006, Miina et al. 2010) . In particular, the species composition and primary production in the understory respond to changes in the availability of photosynthetically active radiation (PAR) at the forest floor, determined by the structure of the canopy layer (Kellomäki and Väisänen 1991, Van Couwenberghe et al. 2011 ). In addition, the tree canopy layer affect the understory vegetation through root competition and changed nutrient and water availability (Coomes and Grubb 2000, Légaré et al. 2001) . Conversely, the understory community also affects tree growth and canopy succession through a broad range of interference mechanisms that impact tree seed germination and seedling establishment success (Zackrisson et al. 1995 ) and nutrient availability (Zavitkovski 1976, Carleton and Read 1991) .
Monitoring the relationship between stand structure succession and changes in the understory vegetation is labour intensive and time-consuming. In principle a combination of models predicting plant performance, viz. a measure of plant growth and reproduction which determine plant viability, and simulations of the forest environment provided by a forest model can potentially be used as a supplement to vegetation monitoring in the field. Forest simulation models are models quantifying annual tree growth, tree establishment and death (Shugart and West 1980) , providing information on the structural premises for forest dwelling species. However, Weisberg et al. (2003) point at a common lack of link between mathematical models of understory vegetation dynamics and forest simulation models. Changes in the understory vegetation can be simulated by gap models (see Peng 2000 for classifications of forest models) in the same way as for the tree canopy, but as stated by McKenzie et al. (2009) this has rarely been done. An operational framework of canopyunderstory models may facilitate other ecological modelling issues. Current predictive habitat distribution models relate geographical distribution of species or communities to the present environment, hence, such models are static (Guisan and Zimmermann 2000) . Forest simulation models linked to understory plant performance can make predictions of habitat distribution more dynamic by also including forest succession. McKenzie et al. (2009) suggest including empirical models for understory components in forest models until an explicit mechanistic framework is developed. A quantification of plant performance variables is thus important to understand how the understory vegetation is affected by changes in the tree canopy layer. There is also a need for more knowledge about the relationships between understory plant performance and stand structure dynamics in order to develop forest management strategies that can sustain the biodiversity in the understory vegetation.
Based on one focal species, an understory forest plant, the aim for this study is to conceptualize how forest simulations and plant ecology can be combined to predict performance of understory vegetation in boreal forests. We use two types of model selection approaches to increase the understanding of the relationship between variables describing the forest environment and variables describing the performance of the focal species. The first approach (approach I) is based on a small number of explanatory variables, corresponding to variables derived from the results generated by a chosen forest simulator. The selected plant performance models are connected with the derived variables from the forest simulations, predicting plant performance during 150 year of stand dynamics. The second approach (approach II) is based on all registered field variables, i.e. not only variables corresponding to the forest simulator results. Assessed on previous simulation studies where stand structure related variables have been found to explain diversity of ground vegetation in boreal forests (Kolström and Pitkänen 1999) we state the a priori hypothesis (Thompson III 2010) that stand structure related variables can be sufficient for explaining performance of a plant in the understory.
Our focal understory plant species is the Lapland Cornel Cornus suecica (L.), which is widespread in NW European boreal forests (Hultén and Fries 1986) . The general biology of C. suecica is reviewed by Taylor (1999) , but surprisingly few studies have targeted the species and our knowledge about its ecology in relation to forest dynamics and management is very modest. Actually we know of only a few studies of C. suecica with a forest ecological perspective. In Finland, Kujala (1964) found tree felling not to negatively affect the appearance of C. suecica and in Norway Nygaard and Ødegaard (1999) reported that the occurrence declined with increasing forest stand age. Consequently, by selecting C. suecica as focal species, we will also add to our knowledge about a forest species that has been only little studied so far.
Materials and Methods

Study Species
Cornus suecica has two separate distributions areas, one North Atlantic and one Pacific (Hultén and Fries 1986) . In Europe it is mainly found in Scandinavia with extensions into Northern British Isles (mainly Scotland) and arctic and subarctic regions of Russia and Iceland. Outlying populations extend southwards to the coastal region of Estonia and Poland, Schleswig-Holstein in north-west Germany and the Netherlands. Outside Europe, the species occurs in western Greenland, Baffin Island, Quebec, Labrador, Newfoundland, north-eastern and north-western United States, Yukon, Alaska, Aleutian Islands and in far eastern Russia (after Hultén and Fries 1986 and Taylor 1999) .
In Scandinavia C. suecica is common throughout the boreal zone, especially on relatively nutrient poor soils (Lid et al. 2005) . In Norway the species is widespread in Vaccinium myrtillus forests and is a sub-dominant character species in the oceanic influenced Vaccinium myrtillusCornus suecica forest type (Fremstad 1997 , Moen 1998 . In Finland C. suecica occurs mainly in northern Finland and at the sea coasts in western Finland (Kujala 1964) and is registered to be more frequent and abundant on herb-rich heath sites (V. myrtillus type) than on mesic ones (Lehtelä et al. 1996) .
Cornus suecica is a rhizomatous herb with erect, annual stems growing 6-30 cm tall. Inflorescences are terminal umbel-like with 8-25 dark purple flowers, each with a short stalk 1-2 mm, surrounded by 4 white ovate involucral bracts (Taylor 1999) . Stems and leaves die off in autumn and new shoots develop from buds next year. In the study area flowers of C. suecica are frequently visited by insects, mainly dipterans of the families Muscidae and Empididae (A. Nielsen unpublished data).
Study Area and Collection of Stand Structure Data
To assess relationships between the performance of C. suecica and variables describing the structure of the forest canopy and other aspects of the forest environment (viz. soil chemistry and elevation) we used a study area situated (59°21´N, 9°45´E) in a boreal forest landscape in Telemark County, South Eastern Norway. The study area represents a typical intensively driven Norwegian boreal forest landscape with even aged forest stands consisting mainly of Norway spruce Picea abies (L.) Karst.
Within an area of approximately 3.5 × 2.5 km in size, we selected 25 forest stands, located approximately 440 to 530 meters above sea level, representing the full span in forest maturity classes found in the area; from clear cuts to old growth forest (> 100 years). The stands encapsulated a span in site index from 8 to 17, with the majority of plots in site index 14. The site index on each site was retrieved from stand maps made available by the forest owner (Fritzøe Skoger). Site index is the common productivity measure in Norwegian forestry and is defined as mean height at breast height of the dominant trees in a stand at 40 years of age at breast height, ranging from 8 to 26 meters for P. abies in Norway (Tveite 1977 , Braastad 1980 Within each forest stand we selected a sampling plot based on the presence of three plant species, namely Vaccinium myrtillus (L.), Cornus suecica and Melampyrum pratense (L.). If a forest stand contained more than one appropriate study plot, one study plot was randomly selected. The forest surrounding the sampling plot was measured in two separate ways. First, the number of trees within a radius of 5.6 meters (100 m 2 ) was counted to quantify the density of the forest on a small scale. Second, the number of trees per species and their basal area on a 10 000 m 2 scale was registered using a relascope (Bitterlich 1984) . The trees selected by the relascope were also used to calculate average height weighted by basal area. At both scales only trees with diameter larger than 5 cm at 1.3 m breast height (dbh) were included. All sampling and measurements were done during the summer of 2003. See Nielsen et al. (2007) for further details on the study area.
Picea abies was present in 24 out 25 stands, ranging from 33 percent to 100 percent in stem number of all trees, and ranging from 50 to 100 percent of total basal area (appendix A). In 18 stands P. abies counted for two thirds of the basal area. Pinus sylvestris (L.) was present in 9 plots with relatively higher proportion of basal area than number of trees. Betula sp. (B. pendula (L.) and B. pubescens (Ehrh.)) did not show a consistent pattern of high abundance in young stands. For instance, in 2 of 5 plots of maturity class 3 (young production forest) Betula sp. were not present. The heterogeneity in tree species composition was considered to be too small to be included as a biological meaningful variable in the data analysis.
Quantifying Plant Performance
Performance variables were measured by sampling 10 flowering stalks of C. suecica per study site, selected at regular intervals along a 10 meter line. The line was laid out with approximately 5 m to each side of the plot, in the direction of the slope surrounding the plot. On each flowering stalk vegetative performance variables, i.e. number of branches, number of leaves, plant height and plant dry weight, and generative performance variables, i.e. number of flowers and number of berries, were registered. Only above ground plant parts were measured. Average values over the 10 flowering stalks were used for all estimates of plant performance within each plot. See Nielsen et al. (2007) for details on the sampling protocol.
Soil Analyses
Soil samples were collected for chemical analysis in October 2003. The samples included the whole organic topsoil down to the underlying mineral soil. A metal tube (5.5 cm in diameter) was used to collect 10 samples of soil along the 10 meter line used in the plant sampling. Living green plant parts (mainly bryophytes) and larger root and rhizome fragments were removed prior to analysis. The soil samples were analysed for losson-ignition (LOI), total carbon (C), total nitrogen (N), pH and extractable ammonium (NH 4 + ) and nitrate (NO 3 -) at the Soil Science Laboratory at the Swedish University of Agricultural Sciences, Umeå, Sweden, using standard methods following Emteryd (1989) .
Data Analysis
To establish the relationship between measurements of plant performance and forest environment variables we used multiple linear regression. As explanatory variables describing the stand structure we used maturity class, number of trees on the 100 m 2 scale, basal area of trees per hectare (basal area), basal area based mean tree height, basal area mean tree diameter (mean of diameters of trees registered by the relascope, hereafter termed diameter at breast height or dbh), site index (SI), stand density index (SDI) and the GINI coefficient. SDI is calculated as (basal area * number of trees) 0.5 sensu Weisberg et al. (2003) . The GINI coefficient is a measure of heterogene-ity quantifying the deviation from perfect equality (Gini 1912 ) and has been recommended as an objective measure to compare tree size diversity in different stands (Lexerød and Eid 2006) . We used tree size expressed as diameter at breast height given by where j is the rank of a tree by diameter class in ascending order from 1, …, n; n is total number of trees, ba j is basal area for tree with rank j (m 2 ha −1 ). At the minimum value zero all trees are of equal size. At the theoretical maximum of one all trees except one have a value of zero (after Lexerød and Eid 2006) . In addition to variables describing stand structure and soil properties, altitude (meters above sea level) was included as explanatory variable. We did not find interpretable biological reasons for including interactions among the independent variables in our candidate models. Pearson's correlation test revealed loos-on-ignition and total carbon, and basal area weighted tree height and dbh to be highly correlated (r = 0.98 and r = 0.94, respectively). Because basal area weighted tree height is calculated from dbh, dbh was considered the most relevant variable. Among total carbon and LOI, the latter was excluded from all analysis. Correlated variables (Pearson r > 0.5 with P < 0.05) were discounted.
We used visual inspection and numerical methods provided by the Capability procedure in SAS 9.2 (SAS 2008) to assess whether the plant performance response variables followed a normal distribution. The vegetative performance variables (plant dry weight, number of leaves, plant height and number of branches) were considered to be normally distributed, except for number of berries. Number of berries was therefore not included in the ordinary least square regression analysis. Model selection was performed by Akaike's information criterion (Akaike 1974) . Because the ratio of sample size (n = 25) and number of parameters is low (< 40) the models were ranked by second order AIC, named AICc (Sugiura 1978) .
According to the two approaches described in the introduction, each response variable was explained by two sets of AICc-ranged models. Approach I includes models with explanatory variables being compatible with the output variables given by the forest simulator (see section 2.6). Here, each variable is a priori assumed to affect plant performance in the understory. Basal area and dbh of trees express continuity of the canopy and light conditions, stand density index express light conditions, site index reflects nutrient, moisture and climatic conditions and altitude is interpreted as a temperature gradient, affecting the start and extent of the of growing season. Approach II comprises models explaining the variation in C. suecica based on all 14 available parameters.
When the aim of AIC-ranked models is prediction, model averaging is recommended to increase precision and to reduce bias (Burnham 2002 ). For the model sets used with the forest simulator, where the objective was prediction of plant performance (approach I), models within ΔAICc ≤ 2 were included in a composite model, calculated by model averaging. The cut-off level for inclusion in the composite model was set where the ΔAICc value equals an evidence ratio of approximately 2.7. As the ΔAICc value exceeds two units the ratio augments rapidly. The evidence ratio between the highest ranked model and the ith model is given as
where w high is the weight (Akaike weights) for the highest ranked model, w i is the weight for the ith model and Δ i is the difference in ΔAICc value (Anderson 2008) . The Akaike weight, estimate of the probability of model i being the KullbackLeibler best model given the data and the model set (i.e. the set of models included in the composite model) is Precision of estimators in the composite models was estimated by an unconditional variance estimator incorporating both sampling variance, dependent on a given model, and a variance component for model selection uncertainty, expressed as
where R is the number of models included in the composite model, θˆ is the model estimate given g i , where g i is the ith model, θˆi is the estimate for model i, and  θ is the model averaged estimate and w i are the Akaike weights (Anderson 2008) .
Analysis of covariance (ANCOVA) was used to assess whether plant height of C. suecica should be interpreted as normal growth or induced by reduced light availability. SAS version 9.2 (SAS 2008) was used for statistical analysis and model selection, while figures were generated in R 2.10.0 (R-Development Core Team 2010).
Ecological Forest Simulation Model
The ecological forest simulation model SIMA (Kellomäki et al. 1992a (Kellomäki et al. , 1992b ) was used to simulate future stand structure. SIMA was chosen as it is one of few gap models that satisfactory predicts basal area and volume increment of P. abies (Kolström 1998, Perry and Millington 2008) . Tree data are entered into the model as diameter at breast height for single trees. Temperature and precipitation are entered as monthly means with standard deviations and the output of the model is given as yearly number of trees per diameter class (one cm intervals).
Transformation of tree data obtained in the field (relascope measurements on one hectare scale) into the input format required by the forest simulator (whole trees per diameter class on a 100 m 2 scale) resulted in unwanted deviations from the original field data. Therefore, we decided not to use the tree data representing the plots. Hence, tree data and climate variables to the forest simulator were obtained from the permanent sample plots of the Norwegian National Forest Inventory (NFI, Tomter et al. 2010) , collected by The Norwegian Forest and Landscape Institute, round 6 (year 1990). Among NFI stands in South Eastern Norway, where site index, vegetation type, tree species composition and altitude closely correspond to the plots in the field study, six P. abies dominated stands were selected. The stands had intermediate production capacity (site index 14) with age around 35-40 years, i.e. younger production forest (maturity class 3). The development of the stands was simulated without any forest activity, e.g. cuttings or fertilization, for 150 years. The stands were assumed to be naturally regenerated. From the output given by the forest simulator, yearly values of relevant explanatory variables were calculated and implemented in the selected regression models, enabling predictions of plant performance over a period of 150 years.
Results
Selection of Models Corresponding to the Forest Simulator (Approach I)
This approach is based on explanatory variables that correspond to variables produced by the forest simulator and variables that are constant for a given site (i.e. altitude and site index). The models were ranked by the AICc-scores (AICranking is shown in appendix B). The highest ranked model explaining plant dry weight contained the variables altitude, number of trees and basal area (Table 1) , and reasoned in the ΔAICc value of 2.34, model averaging was not performed (see section 2.5). Plant dry weight was the response variable being clearest predicted by one single model whereas the other response variables were predicted by composite models. Number of leaves was explained by a composite model based on three models within ΔAICc ≤ 2 and an accumulated AICc weight of 0.567 (see section 2.5 for calculation of Akaike weights). A composite model of four models explained the variation in number of flowers (AICc weight = 0.441), number of branches (AICc weight = 0.544) and plant height (AICc weight = 0.489).
In all selected models (highest ranked or composite models) where the variables were present the variables diameter at breast height, stand density index and site index had negative effects. On the contrary, number of trees had positive effect in all models the variable was present. Increased basal area of trees per hectare had negative impact on plant dry weight, number of branches and number of leafs, but not on the plant height. Altitude had negative effect on plant dry weight and plant height, and positive effect on number of branches and number of flowers.
Analysis of covariance (ANCOVA) was used to declare whether the plant height of C. suecica should be interpreted as being promoted by reduced light availability to the expense of plant dry weight (Morgan and Smith 1979) or to be interpreted as elongation growth relative to the plant dry weight. The ANCOVA did not reveal significant dissimilarities in the effect light availability has on the relationship between plant dry weight or the plant dry weight/plant height ratio and plant height among plots with different light availability, expressed as forest maturity class (Table 2) . 
Forest Simulations and Implementation of Plant Performance Models
The ecological forest simulation model SIMA (Kellomäki et al. 1992a (Kellomäki et al. , 1992b (Fig. 1) . Based on the output given by the forest simulator yearly values of explanatory variables were calculated and implemented into the selected regression models (section 3.1), enabling predictions of the performance in C. suecica over a period of time. For the first 50-60 years of simulation (i.e. approximately 90-100 years stand age) the development in stand structure implied generally a reduction in plant dry weight, number of leaves, number of branches and number of flowers.The following 50-60 years, i.e. up to stand age of approximately 190 years, the performance values generally fluctuated around a relatively stable level (Fig. 2) . The uncertainty of predicted performance values, measured as confidence intervals on the mean, increased by simulation time (Fig. 3) . 
Model Selection on all Registered Field Variables (Approach II)
This approach is based on all 14 explanatory variables registered in field, not only those corresponding to parameters produced by the forest simulator. Also in this approach, plant dry weight was the performance variable to have the least number of models within two ΔAICc units. The best model to explain plant dry weight consisted of altitude, number of trees, basal area and pH, and the second best model was the same as the selected model related to the forest simulation model (section 3.1).
Variables present in the highest ranked models (ΔAICc ≤ 2) in approach I (see section 3.1) were also dominant when all variables were included (AIC-ranking in appendix C), i.e. basal area was present in 16 out 25 of the highest ranked models (Table 3 ). The GINI coefficient and maturity class, stand structure variables not included in the forest simulation model, were present in 
Discussion
Importance of Explanatory Variables
We found stand structure related variables and proxies for abiotic factors (site index and altitude) rather than soil chemical variables to best describe the variation in plant performance in the focal species C. suecica. The findings support our a priori assumption in which stand structure, here quantified as e.g. number of trees and basal area, is important for understory plant performance. Because the proxy variables for abiotic factors are constant for a given stand we assess the impact of structure related variables to be the most important variables for predicting the changes in performance of C. Suecica as a response to forest succession. However, the importance of structural variables vs. soil variables on plant performance in general is not clear cut. For Vaccinium myrtillus measured within the same field plots, variables representing soil chemistry were shown to be of greater importance for explaining performance than we found for C. suecica (Nielsen et al. 2007 ), whereas Miina et al. (2009) elaborated sound models for predicting cover and production of V. myrtillus in Finland without including soil variables. Finally, Lehtelä et al. (1996) found both stage of development of the tree stand and variables representing soil chemistry properties to determine the variation in the vegetation, including C. suecica, on different Finnish heath sites.
We believe the importance of stand structure variables to be related to competition for above ground environmental resources (i.e. light). However, we are aware that stand structure variables not always capture the variation in light availability. For instance, given the same basal area an old stand might be found to have more available sunlight for the understory than a middle-aged stand. Also, common forest inventory procedures may have limitations in describing all stand structure aspects important for ecological interpretation. In our field study and in the data used for the stand simulations the tree structure variables dbh and basal area were registered according to the protocol for the National Forest Inventory in Norway, where trees ≥ 5 cm dbh are measured and registered by species (Tomter 2010) . The total number of trees per species might have been underreported and the common pattern of a higher fraction of deciduous trees in the early phases of succession is not clearly seen. For instance, all stands in the early succession stages (maturity class 2) were registered with only P. sylvestris and P. abies. Also two out of five stands in maturity class 3 had no presence of deciduous trees (appendix A). Because of generally low measured variation in tree species between stands tree species were not used as an explanatory variable. However, for this conceptual study we believe the stand structure variables have the quality to give basal information on performance of a little studied understory species.
Simulated Stand Structure
We have shown how temporal change in plant performance in an understory species, C. suecica, can be estimated through time by supplying models on plant performance with yearly site specific parameter values, produced by a forest simulator. The general reduction in measured plant performance (except for plant height) in spruce dominated stands, up to the stand age of around 100 years, is mainly driven by a decrease in number of trees and increase in basal area and mean dbh.
The simulated values for number of trees, site density index and basal area were mainly within maximum registered NFI and field values, whereas dbh (basal area mean tree diameter) exceeded the registered values after 100-150 years stand age. One reason for the deviations between simulated values and maximum registered NFI and field values might be because the simulations were performed with natural generation and without forest management, such as tree planting, thinning or cutting whereas forest stands registered in NFI and in the field are subject to forest management. In addition, imperfections in the forest simulator may have contributed to the observed deviations. However, validation of the forest modelling performance per se has not been focused in this study. Based on published model validation and simulation studies of this model (Kellomäki 1992a , 1992b , Kolström 1998 , Kellomäki et al. 2006 we conclude that the simulated values are realistic for the purpose of this study and therefore applicable for assessing the performance of an understory species in a Norwegian boreal forest ecosystem.
The Ecology of Cornus suecica
Increased basal area leads to denser crown cover and reduced light availability in the understory. The negative impact of basal area on the performance C. suecica found in this study is in line with Nygaard and Ødegaard (1999) who found the frequency of C. suecica to decrease by increasing living stem biomass of P. abies. We therefore conclude that basal area is an important measure of the ecological impact canopy trees have on the performance of C. suecica. Our results correspond also to those of Nielsen et al. (2007) on V. myrtillus in the same area, showing that most measures of performance peaked in early stages of forest succession. For V. myrtillus, the performance responses are however, ambiguous. Kardell and Erikson (1995) found optimal performance of V. myrtillus to increase with forest maturity in Swedish boreal forests and Parlane et al. (2006) found the same in Pinus sylvestris forests in Scotland, In Finland and Sweden Palviainen et al. (2005) found biomass of V. myrtillus to decrease rapidly after clear-cutting, whereas Miina et al. (2009) found the coverage of V. myrtillus to increase with increased basal area and stand age up to the age of 191 years and density of 25 m 2 ha -1 , after which the coverage gradually decreased. Because of few studies focusing on C. suecica related to stand structure the standard of reference is limited and similar specific reports as on V. myrtillus are not known.
Few available studies limit also the comparison of soil chemical parameters and we have only found references for pH. The measured range of pH 4.19-5.03 in our study is in line with Taylor (1999) where C. suecica usually was found on soils with pH < 4.5 whereas Sonesson (1974) measured pH to 4.0-5.1.
Cornus suecica has both vegetative and sexual propagation (Taylor 1999 ) and population survival is not depending solely on seed production. Hence, we assess measures of vegetative performance to be as important indicators of the species' performance as measures of sexual reproduction, as has been shown also for other plant species e.g. (Nielsen et al. 2007 ). We also assess measures of sexual production, particularly number of fruits, to be more affected by casual climate effects such as cold or rainy conditions. Because increased plant weight comes prior to branching we assess plant dry weight to be the performance variable with the most straight forward biological interpretation. Contrary, variation in plant height in understory species should generally be interpreted with care, as reduced light availability may promote elongation growth to the expense of plant dry weight (Morgan and Smith 1979) . However, forest maturity class, used as a proxy for crown cover and light availability, did not explain variations in plant dry weight or plant weight/height ratio with respect to plant height. We conclude that the measured plant height is not an artefact of elongation induced by reduced light availability but rather is an adequate measure of plant performance. Measured plant height is thus interpreted to be elongation growth accompanied by stable dry mass content and not elongation accompanied by relatively less dry mass.
In Norwegian forestry, P. abies stands with site index of 14, like the sites we have modelled, will likely be cut at around 100 years stand age. The subsequent increase in light availability, i.e. low basal area of trees, will lead to higher values of plant performance variables. Hofgaard et al. (1991) reported C. suecica to disappear from a permanent plot in an old growth forest in northern Sweden between 1938 and 1983 because of insufficient light availability. The plots in our study are however, chosen on the presence of C. suecica, and hence we do not have appropriate data for predicting when the canopy is too dense for the presence of C. suecica.
Concluding Remarks
We draw four main conclusions from the results. First, we conclude that for our system models consisting only of stand structure related variables suffice to explain and predict variation in the performance of forest floor species C. suecica. Second, we found evidence for reduced plant performance of C. suecica during forest succession, simulated for 150 years. Third, the negative impact of basal area on the performance C. suecica found in this study is in line with a previous study on C. suecica. Fourth, traditional ecology and forest simulations can be combined to produce sound predictions on how plant performance might change as a response to changes in the overstory. To develop the concept further also data on species performance specifically related to measured stand structure specified by tree species < 5 cm dbh is recommended. A further step will be to include forest management strategies in the forest simulations, as has been done with biodiversity indices (Kolström and Pitkänen 1999) and abundance and berry yields of V. myrtillus (Miina et al. 2009 , Miina et al. 2010 .
The current version of SIMA simulates growth of the understory as three aggregated groups, categorized by succession appearance (Kellomäki et al. 1992a (Kellomäki et al. , 1992b . This ensures that some of the competition between the trees and understory is accounted for, but not on a per species basis. Ideally, to improve the accuracy of simulations feedback mechanisms between understory species and the trees forming the canopy should be implemented in simulation models. G. 1995 ------NO 3   -------LOI %  ------N %  ------pH  ----0. 8372 - ------NO 3   -------LOI %  ------N %  ------ 
